patients it has exhibited a superior profile in terms of airway sealing pressures. In some instances the LMA has been shown to cause local pressure effects from cuff inflation 5 . In extreme circumstances, cuff pressures in the LMA can occasionally exceed 100 mmHg 6 . This is thought to occur as a result of diffusion of nitrous oxide into the airway cuff during general anaesthesia. The LMA cuff pressure may increase above mucosal perfusion pressure rendering areas potentially ischaemic or causing local compressive complications during prolonged anaesthesia 7 . In addition it has been shown with Doppler ultrasound that cuff inflation of the LMA may affect internal carotid artery blood flow due to local pressure effects 8 . As the PLA has a high volume, low-pressure cuff these adverse pressure effects could theoretically be avoided.
To date, clinical experience with the PLA has been limited. We therefore evaluated the use of the PLA in adult patients undergoing general anaesthesia who were breathing spontaneously. In particular, we wished to compare the PLA and LMA in respect of insertion time, number of insertion attempts, airway cuff pressure, airway leakage pressure, endoscopic laryngeal alignment and postoperative adverse events. 
MATERIALS AND METHODS
The study was approved by our institutional Human Research Ethics Committee. Following informed consent, 90 consecutive patients were prospectively enrolled and randomly allocated to receive either the PLA or the LMA for airway management during general anaesthesia.
Patients were deemed suitable for inclusion in the study if they met the following criteria: adult patients of ASA status I through IV, aged 18 years or older who were undergoing general anaesthesia with spontaneous ventilation. Patients were excluded if endotracheal intubation was considered necessary as part of the anaesthetic technique.
Anaesthetic technique
Routine anaesthetic monitoring, as per Australian and New Zealand College of Anaesthetists guidelines for general anaesthesia was instituted 9 . A standardised general anaesthetic technique was employed. Patients were not premedicated. Induction of anaesthesia involved the use of propofol 1 to 2 mg/kg, fentanyl 1 to 3 µg/kg and midazolam 0.025 to 0.05 mg/kg at the discretion of the anaesthetist concerned in order to produce a loss of lash reflex. Following induction of anaesthesia, patients were ventilated using an anaesthetic facemask with 100% oxygen and sevoflurane (end-tidal concentration 2 to 3%). Following insertion of the supraglottic airway device, patients underwent intermittent positive pressure manual ventilation until the return of spontaneous breathing occurred. Maintenance of anaesthesia was achieved using sevoflurane (end-tidal concentration 2 to 3%) with a mixture of N 2 O and oxygen resulting in an inspired oxygen concentration of approximately 30%. Metaraminol was administered if necessary to correct systemic hypotension.
Insertion of supraglottic airway device
Five senior anaesthetists who were trained for device insertion were involved in the study. Each anaesthetist's insertion technique was practised on manikins and observed by the investigators to ensure consistency. Routine pre-insertion tests of the study and control device were performed as per manufacturers' guidelines 10, 11 . Sterile lubricating jelly (Professional Disposables International ® , Orangeburg, NY, USA) was applied to the posterior surfaces and distal tips of both devices. The LMA cuff was inflated before insertion to 10 mmHg above ambient pressure. The PLA cuff was not inflated 11 . The airway device was inserted when loss of lash reflex and jaw tone allowed. When the LMA was judged to be positioned correctly, the cuff was inflated with the appropriate volume of air (20 ml for size 3 LMA, 25 ml for size 4 LMA and 30 ml of air for a size 5 LMA) 12 . The cuff of the PLA was inflated with enough air to obtain an adequate seal 4, 11 . Successful placement was confirmed by resistance to further downward movement of the device, adequate chest wall movement with controlled ventilation, observation of a normal capnograph trace during controlled and spontaneous breaths and appropriate movement of the reservoir bag during spontaneous ventilation. At the conclusion of surgery, the anaesthetic gases were replaced by 100% oxygen. When protective reflexes had returned to normal, the airway device was removed after deflation of the cuff. The device was inspected for secretions and blood.
Data collection
All recordings were made by two independent investigators. In order to maintain the maximum blinding of investigators, one investigator recorded cuff pressure, airway leakage pressure and interviewed patients following anaesthesia. This investigator remained blinded to group selection. Another independent investigator recorded time taken for insertion, number of insertion attempts, number of complications during maintenance of anaesthesia and laryngeal alignment. It was not possible to blind this observer to group selection. 1. Ability to establish and maintain an adequate airway -This was determined by three variables; time taken for device insertion, how easy it was to insert the device initially and how suitably the device performed its role in maintaining an acceptable airway during anaesthesia. Time taken for successful insertion: insertion -time was started from the moment the anaesthetist picked up the supraglottic device and finished when the device was considered adequately positioned (see below). Ease/difficulty of insertion: this involved -recording the number of insertion attempts. A failed insertion attempt was defined as placement of the device in the mouth (as opposed to the glottic region) or withdrawal from the glottic region when placement was not considered adequate. If a patent airway could not be established using these criteria the device was removed, the patient was oxygenated with mask ventilation and another attempt to reinsert the device was made. If there was a total of three failed attempts the patient was removed from the study and an alternate airway device was chosen according to the anaesthetist's discretion. Adequacy of airway during maintenance of -anaesthesia: initially this was assessed prior to return of spontaneous ventilation by the application of positive pressure tidal volumes of 7 ml/kg. Next the ability to maintain a satisfactory airway was assessed following the return of spontaneous ventilation. This time the following features were assessed: movement of the reservoir bag, quality of clinical chest movement, end-tidal CO 2 trace and pulse oximetry saturation greater than 95%. If one of these signs was not present the device was considered to have failed in its ability to maintain an adequate airway. 2. Airway leakage pressure -Following device insertion and with the cuff inflated, the seal around the mask was tested by closing the adjustable pressure-limiting valve of the anaesthetic circuit. Utilising a fresh gas flow of 3 l/min, the airway leakage pressure was the pressure at which pressure equilibrium occurred. Air entry into the stomach was assessed by auscultation over the epigastrium. 3. Cuff pressure -Pressure in the cuff of the device was measured using a pressure transducer connected to the pilot balloon of the device (aneroid manometer calibrated against a mercury column). Recordings started at one minute following successful insertion and continued at five-minute intervals. 4. Laryngeal alignment -When the supraglottic device was thought to be successfully placed and with an end-tidal CO 2 between 30 and 50 mmHg, a fibreoptic airway bronchoscope (Olympus LF-GP, Olympus Optical Company, Shirakawa, Japan) was inserted into the airway device and positioned at its distal aperture. The view of the larynx through the airway device aperture was inspected and recorded as follows: grade I=vocal cords fully visible, grade II=vocal cords partially visible, arytenoid cartilages visible, grade III=epiglottis visible, grade IV=no laryngeal structure visible. 5. Post procedure sore throat -Patients were interviewed upon discharge from the post anaesthetic care unit for incidence of sore throat and hoarse voice and then again at 24-hour intervals until resolution.
Statistical analysis
Estimates of power and minimal group size were obtained by performing a forward power analysis based upon the incidence of airway leakage pressure for the LMA. This data was derived from previous studies performed on this airway device. One previous study showed airway leakage pressure for the LMA to be 20.7±4.6 cmH 2 O (mean ± SD) 13 . Using nQuery Advisor (Statistical Solutions, Boston MA, USA), with the actual previously recorded airway leakage pressures and assuming a 25% increase in airway pressure to be clinically significant, a minimum of 25 patients were required per group. This was based on 90% power to reject the null hypothesis of no significance (P <0.05) in each group using a twotailed Student's t-test single comparison between groups.
Normally distributed quantitative data was analysed by two-tailed Student's t-test for single comparison between groups. Repeated-measures analysis of variance, allowing for multisample asphericity by applying the Greenhouse-Geisser correction, was used to compare changes in profile of curves for cuff pressure versus time (SYSTAT v 16, SPSS Inc Chicago). Qualitative data (categorical scales) was assessed by Fisher Exact Test for 2×2 contingency tables and Chi-square for anything greater than 2×2 contingencies. In the assessment of laryngeal alignment, a 2×4 contingency table was initially used, however this produced expected values less than five in the grade IV laryngeal alignment column. This data was then reassessed by combining the grade III and IV laryngeal alignment groups together to form a non-aligned group (2×3 contingency table) in which observed and expected values were then greater than five in each cell. A P value less than 0.05 was considered statistically significant for each comparison.
RESULTS
Ninety patients were studied. Patient demographics were similar in both groups ( Table 1 ). The airway leakage pressures were higher for the PLA compared to the LMA (22±9 cmH 2 O vs. 18±6 cmH 2 O; P <0.05). In the first 25 minutes after successful placement, the mean airway device cuff pressures increased from 86 mmHg to 113±25 mmHg in the LMA group compared with 36 mmHg to 37±15 mmHg in the PLA group (P <0.0001) (Figure 3) .
The time required to achieve successful insertion was greater for the PLA compared to the LMA (39±21 seconds vs. 27±10 seconds; P <0.005) ( Table  2) . Furthermore, four patients in the PLA group (versus one patient in the LMA group) required insertion times of greater than 60 seconds.
The number of attempts required to achieve successful insertion were similar in both groups.
In two patients, one in each group, the device was removed after the second attempt because it was not possible to establish an adequate airway. In the patient randomised to the LMA group, it was not possible to establish an airway at all with the LMA. This resulted in the LMA being replaced with a Proseal Laryngeal Mask Airway (Proseal™, Intavent Orthofix, Maidenhead, UK). In the patient randomised to the PLA group, the airway was eventually established with the PLA on the third attempt.
The incidence of complications was similar in both groups. Complications were noted in seven of 49 patients in the PLA group and in nine of 41 patients in the LMA group (P=0.412). In two patients from the PLA group, data on the presence of complication following the return of spontaneous ventilation could not be obtained, as return of spontaneous ventilation had not been achieved by the end of the surgery. The complications in both groups were minor with no sequelae.
Fibreoptic inspection of the larynx through the airway devices showed that the laryngeal alignments were not statistically different between the PLA group and LMA group (P=0.060). Grade I view was observed in 62.5% patients in the LMA group, compared to 43% in the PLA group (P=0.060). In one patient in the PLA group, fibreoptic bronchoscopy showed that the epiglottis had adopted a down-folded position obscuring laryngeal structures, however the device was still be able to provide a patent airway with absence of any complications.
The incidence of postoperative sore throat was not statistically different between the groups. In the LMA group, 8 of 40 patients experienced sore throat, while in the PLA group, 17 of 49 patients had sore throat (P=0.16).
DISCUSSION
The conclusions made from this study were that: 1) the airway leakage pressure was higher with the PLA compared to the LMA (22±9 cmH 2 O vs. 18±6 cmH 2 O) (P <0.05), indicating that the PLA provided a more effective airway seal and allowed greater airway pressures during positive pressure ventilation before a resultant leak around the airway cuff occurred, 2) intra-cuff pressures of the LMA increased by 31% over a 50-minute time period compared to a 3% increase in the PLA cuff pressures (P=0.0001) (Figure 3) , and 3) the time taken for successful insertion of the airway devices was greater with the PLA when compared to the LMA (39±21 seconds vs. 27±10 seconds) (P <0.005). 
Airway leakage pressure
The airway leakage pressure was found to be higher with the PLA (22±9 cmH 2 O) compared to the LMA (18±6 cmH 2 O) (P <0.005). This is consistent with the findings in previous studies where similar airway leakage pressures of the PLA and LMA were found 4, 14 . Moreover in a separate study comparing the LMA and the laryngeal tube airway (which has a similar cuff structure to the PLA), the laryngeal tube airway also provided a higher airway leakage pressure compared to the LMA 15 . The investigators in this study postulated that this was due to a larger cuff that improved sealing. Similarly, the higher airway leakage pressure of the PLA may be attributed to a similar cuff structure resulting in better sealing of the proximal pharynx. Brimacombe et al concluded that the alignment of the LMA with the pharynx and efficacy of the airway seal both deteriorate at higher cuff volumes; this is most likely due to the cuff of the LMA being integral for both alignment and airway seal 12 . In contrast, with respect to the PLA, the cuff and the cobra-shaped head of the device are distinctly different structures and both have different functions. Therefore the cuff volumes that determine airway sealing pressure probably have less direct effect upon the laryngeal alignment of the head of the PLA device and vice versa. The cuff on the PLA is a more proximal structure and appears not be involved in creating a seal around the larynx itself as occurs with the LMA cuff in which adequate laryngeal alignment seems to be necessary for adequate sealing of the airway (Figure 2) . In support of this we demonstrated superior airway sealing characteristics with the PLA. However, there was a suggestion of a poorer laryngeal alignment in the same group. Therefore there seems to be no relationship between the laryngeal alignment and the airway leakage pressure for the PLA.
Intra-cuff pressures
This is the first study to compare the differences in cuff pressure between the PLA and the LMA. The cuff of the LMA is a high-pressure low-volume cuff, whereas the cuff of the PLA is a high-volume low-pressure cuff. In the LMA a small change in intra-cuff gas content resulted in a significant increase in intra-cuff pressure. The cuff pressures over a 50-minute time period increased at a significantly higher rate in the LMA group (31%) compared to the pressure changes seen in the PLA group (3%) (P <0.0001) (Figure 3) . The increase in intra-cuff gas content of the LMA could be explained by nitrous oxide diffusion into the LMA cuff 7 . The high-volume low-pressure cuff of the PLA resulted in low initial cuff pressures and lower changes in cuff pressure with respect to time compared to the LMA group despite similar anaesthetic gas administration. These results reflect the differences in cuff volume and compliance between the two devices. Avoidance of high intracuff pressures during nitrous oxide/oxygen general anaesthesia may result in less pharyngo-laryngeal trauma to the patient. Excessively high intracuff pressures of the LMA in situ have previously been reported by various authors [16] [17] [18] . A high intracuff pressure of the LMA was found to impede the pharyngeal mucosal perfusion and reduce the internal carotid artery blood flow 8 and mucosal pressures greater than 34 cmH 2 O have been reported to progressively reduce pharyngeal perfusion 19 . However with a recognised reduction in the clinical use of nitrous oxide anaesthesia, such changes in cuff pressure may not be as clinically significant as those seen in this study. Further investigations on the effects of intra-cuff volumes and pressures with both the PLA and LMA utilising different anaesthetic gas techniques are warranted.
Insertion times
The time required for successful insertion was greater for the PLA compared to the LMA (39±21 seconds vs. 27±10 seconds; P <0.005). There are conflicting data concerning this in previous studies. One previous study reported that the time required to achieve successful insertion was similar for the PLA and the LMA (PLA 38±31 seconds vs. LMA 33±20 seconds) 4 . In contrast, a number of recent studies have produced results in which insertion times with the PLA were longer 13 and insertion rates were less successful 20, 21 compared to those seen with the LMA Unique, laryngeal tube airway and intubating laryngeal mask airway. In our study, although the anaesthetists inserting the airway devices had had their proficiency tested, they were still considerably more experienced in inserting the LMA than the PLA. This could have resulted in more efficient insertion times with the LMA. Interestingly, the investigators in the study by Akca et al performed only 10 PLA insertions before joining the trial, yet had similar insertion times with PLA and LMA 4 . This may suggest that approximately 10 insertions could be sufficient to improve the time required for successful insertion significantly.
Our results showed that the number of attempts required to achieve a successful insertion were similar in both groups. Moreover, only a maximum of two insertion attempts were required for both devices (with the exception of one excluded patient). Despite the lack of experience in PLA insertion, the first attempt success rates of the PLA were comparable to those of the LMA (PLA 89.8% vs. LMA 97.5%). Whether this indicates that there is a steep learning curve is unclear.
Adverse events
There were no serious adverse events seen in either the PLA or the LMA groups (Table 3 ). This suggests that the PLA is a safe alternative airway device for adults breathing spontaneously during general anaesthesia. The incidence of postoperative sore throat following the use of the LMA was 20% (eight of 40 patients). These findings parallel those reported by Brimacombe et al when the LMA cuff was partially inflated prior to insertion 22 . This is consistent with our results in that the LMA was inserted with its cuff pre-inflated to 10 mmHg above ambient pressure in all our patients. The incidence of postoperative sore throat following insertion of a non-inflated PLA was 35% (17 of 49 patients). This is a comparable result to that seen with the incidence of sore throat when the LMA cuff is inserted and its cuff is fully deflated prior to insertion 23 . The lower incidence of sore throat seen when the LMA is inserted with its cuff partially inflated may be due to the presentation of a softer leading edge to the posterior pharyngeal wall. The PLA has a sharper more rigid leading edge and could be responsible for the similar incidence of sore throat seen when LMA insertion occurs with its cuff deflated.
Laryngeal alignment
Laryngeal alignment was found to be similar with the use of both devices. However, there was a suggestion of more malalignment in the PLA group (P=0.06). The degree of alignment may help to predict the ability of an airway device to assist in endotracheal intubation 24 . The success of the LMA in endotracheal intubation has been well documented 25, 26 . Similarly, the PLA is also designed to facilitate fibreoptic intubation. Furthermore, the PLA's larger tubing is thought to permit passage of a larger endotracheal tube. For example, a size 4 LMA can only accommodate an endotracheal tube of 6.0 mm in internal diameter, whereas a size 4 PLA allows passage of a size 8 endotracheal tube. Although endotracheal intubation was not investigated in this study, the similar laryngeal alignment rates suggests that the PLA may be at least as effective as the LMA in assisting endotracheal intubation.
Study limitations
The limitations of this study include the following. First, a degree of operator bias existed in that the practitioners who inserted the airway devices were more experienced with the use of the LMA compared to the PLA. However, the relative lack of experience suggests that the performance of PLA insertion may improve with time; this is reflected by a noticeable improvement in insertion times that were seen with the initial experience with the LMA 27 . Second, it was not possible to blind the operators in this study. Data collection was blinded to the greatest degree possible with the use of two observers. However, it was not possible to blind the observer who recorded the variables associated with direct airway manipulation. Third, although it may be possible to extrapolate our results to patients who are ventilated with intermittent positive pressure for short periods of time, they may not necessarily apply to patients undergoing prolonged ventilation.
In conclusion, our findings suggest that the PLA was as effective as the LMA in the management of the airway in adult patients undergoing general anaesthesia with spontaneous ventilation. Use of the PLA resulted in a higher airway leakage pressure and a lower cuff pressure compared to the LMA, but took slightly longer to insert.
